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regulated in IKKα KD micromass samples, suggesting a common
or concerted regulatory mechanism linked to IKKα. Conversely,
MMP-10, recently shown to function as a collagenase activator in
OA cartilage, was downregulated in IKKα KD samples. Overall,
these ﬁndings suggest that IKKα can cooordinately affect a number
of different processes, some of which are linked to ECM remod-
eling, whose deregulated control is associated with OA disease.
A subset of the genes affected by IKKα were also differentially
expressed in normal vs. OA cartilage.
Conclusions: IKKα protein is upregulated in late OA cartilage. In
the context of differentiating chondrocytes in in vitro micromasses
and on the basis of DNA microarray analysis, the expression of
IKKα was linked to a functional proﬁle specifying effectors of ECM
remodeling, cell cycle and cellular communication with some of the
same genes exhibiting differentially expression in normal vs. OA
cartilage. Subsequent experiments will examine the expression
proﬁle of these and other IKKα linked genes in OA progression to
better understand IKKα’s potential role in OA disease onset and
and/or development.
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Purpose: There are some reports that osteoarthritis (OA) carti-
lage has a higher number of apoptotic chondrocytes than does
normal cartilage. Like a JNK, p38 MAP kinase participates in a
signaling cascade controlling cellular responses to cytokines and
stress. p38 MAP kinase plays an important role in the regulation
of the immune response and has been shown to regulate prolifer-
ation or differentiation. In addition, activation of p38 MAP kinase
has traditionally been associated with the stress response and
some apoptotic processes. However, it is still clearly unknown the
function of the p38 MAP kinase in chondrocytes. In this study,
we analyzed the expression of p38 and phophorylated p38 in
chondrocytes of OA cartilage and normal cartilage. We induced
chondrocytes apoptosis by various stress, and then investigated
the relationship between chondrocytes apoptosis and phophory-
lated p38.
Methods: Normal cartilage samples were obtained from femoral
head undergoing joint replacement surgery for the neck fracture
of the femur. OA cartilage samples were collected from patients at
the time of total knee joint replacement surgery. The expression of
p38 and phophorylated p38 in OA cartilage and normal cartilage
were analyzed by Western blotting.
Next, chondrocytes apoptosis were induced by various stress, me-
chanical stress and heat stress. To apply mechanical stress and
heat stress to NHAC-kn cells (human normal chondrocytes), they
were cultured in for 1 day at 37 °C in 5% CO2/95% humidiﬁed air.
For mechanical stress, cyclic stretch experiments were performed
using FX-2000 Flexcell system (Flexcell Internatinal). NHAC-kn
cells were plated onto collagen-I coated BioFlex plates with de-
formable silicone rubber bottom surface.
On the other hand, heat stress was induced using circulatory hot
water bath. NHAC-kn cells were plated 6 well plates were carefully
sealed and placed in circulatory hot water bath. Chondrocytes
apoptosis were detected by TUNEL staining and western blotting.
The expression of p38 and phophorylated p38 were detected by
western blotting.
Results: In OA and normal chondrocytes, the expression of p38
were the same level, but that of phosphorylated p38 in OA chon-
Figure 1
drocytes was signiﬁcantly higher than in normal chondrocytes
(Fig. 1).
To apply mechanical stress or heat stress to NHAC-kn cells
(human normal chondrocytes), both stress were induced apoptosis
and also increased phophorylated p38. However, in control, we
could not detect chondrocytes apoptosis and phophorylated p38.
Conclusions: We revealed that chondrocytes with mechanical
stress and heat stress increased phosphorylated p38 the same
as OA chondrocytes. From these results, to reveal the relationship
between phosphorylated p38 and chondrocytes apoptosis could
be one of the key to elucidate OA etiology.
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Purpose: Articular cartilage protects the joint by distributing ap-
plied loads and providing a low-friction bearing surface to enable
free movement. Physiological loading is repetitive and it has been
previously shown that both human and animal chondrocytes are
sensitive to idealised cyclic loading in vitro. Details of the mecha-
nisms remain unclear but it has been suggested that members of
the mitogen activated protein kinase (MAPK) family and ﬁbroblast
growth factor (FGF) family of proteins play a role. Our goal was
to explore the effect of cyclic loading on bovine articular cartilage
in vitro, in order to explore the mechanisms by which mechanical
loading inﬂuences chondrocyte behaviour.
Methods: Full-depth articular cartilage explants (5 mm diameter)
were freshly removed from bovine carpometacarpal joints (n=3).
The explants were collected in PBS and cultured for 48 hours
in DMEM. Following this, explants in 1 ml of culture medium
were subjected to 1 hour or 4 hours of cyclic loading (1 MPa; 2
s on/2 s off) using a custom built, pneumatically driven device.
Immediately after loading, the medium was collected and the
explants were frozen in liquid nitrogen; both were stored at -20 °C
until required. Frozen cartilage explants from each treatment group
were combined (65-140 mg), freezer milled into a ﬁne powder and
lysed in RIPA buffer for protein extraction. In the culture medium,
glycosaminoglycan (GAG) release was measured using the DMMB
assay and levels of nitric oxide (NO) assayed using the Greiss
reaction. In addition, vascular endothelial growth factor (VEGF)
expression was analysed using an ELISA kit. Total protein in the
lysate was measured using the BCA assay and western blotting
used to identify levels of pERK, ERK, FGF2, FGF18, FGFR3,
MMP13, WNT16 and actin in the pooled explants.
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Results: Cyclic loading for 1 and 4 hours signiﬁcantly increased
GAG release when compared to the control explants (P<0.05
and P<0.01, respectively). Neither nitric oxide nor VEGF expres-
sion could be detected in the medium from any of the loaded
or unloaded controls. A signiﬁcant increase in total protein (nor-
malised to mass) was found after 4 hours loading compared to
the equivalent control (P=0.003), an increase was also apparent
after only 1 hour of loading but did not reach signiﬁcance. After
loading, quantiﬁcation of FGF2 and FGF18, detected by western
blot analysis after normalisation to actin, suggested a similar level
of expression to the unloaded controls. At both time points, cyclic
loading induced expression of pERK compared to total ERK, when
compared to the control explants, with the 4 hour period showing
a signiﬁcant difference (P<0.001). No expression of MMP13 or
WNT16 was detected by western blotting in the loaded or the
unloaded controls.
Conclusions: This study demonstrates that in response to cyclic
loading, a signiﬁcant increased amount of GAGs are released
into the medium together with an activation of pERK. In addition,
an increase in total protein was detected in loaded explants.
This study also suggests that FGF2, FGF18, MMP13, VEGF,
FGFR3 and NO do not play an immediate role in cyclic loading.
Further investigation is needed to explore longer durations of cyclic
loading.
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Purpose: Articular chondrocalcinosis (CCA) is characterized by
the deposition of calcium pyrophosphate dihydrate crystals into
the joint. Its prevalence increases with ageing. But it is also
frequently associated with hyperparathyroidism. Patients with hy-
perparathyroidism display hypercalcaemia but the link between
high free calcium levels and CCA remains poorly studied. Two
proteins generating extracellular inorganic pyrophosphate (ePPi),
ANK which exports PPi and PC-1 which generates ePPi from
nucleotides triphosphates, are known to be up-regulated by trans-
forming growth factor-β1 (TGF-β1) in chondrocyte. In the present
work, we investigated the inﬂuence of calcium levels in the regu-
lation of ePPi generating proteins by TGF-β1.
Methods: Firstly, we studied the effect of ranging extracellular
Ca2+ (eCa2+) concentrations, (0 to 5 mM) on mRNA and pro-
tein expression of PC-1 and Ank, in chondrocytes stimulated with
10 ng/ml of TGF- β1. Secondly, we studied the effect of various
blockers of Ca2+ channels on the inducing effect of TGF-β1, in
the presence of physiological (1.25 mM) or excessive (5 mM)
concentrations of eCa2+. The following blockers were used: Ler-
canidipin, (10 μM, for L-type voltage-dependent channels) and
ω-agatoxin (1 μM, for P- and Q-type voltage-dependent chan-
nels). Thirdly, we assessed whether changes in intracellular Ca2+
(iCa2+) levels affected the response of chondrocyte to TGF-β1.
Ionomycin (1 μM) was used as an inducer of iCa2+, BAPTA-AM
(10 μM) as a chelator of iCa2+, Pertussis toxin (PTX, 200 ng/ml)
for blocking inositol-3-phosphate-sensitive Ca2+-release channels
and Thapsigargin (1 μM) for blocking sarco/endoplasmic reticu-
lum Ca2+ ATPase (SERCA). Finally, we investigated whether the
transcription factor sp1 contributed to the regulating effect of Ca2+
on TGF-β1 using sp1 inhibitor WP631 (1 μM) and RNA silencing
(siRNA, 10 nM)
Results: The stimulating effects of TGF- β1 on Ank and PC-1 ex-
pression (mRNA and protein) increased with the concentration of
eCa2+ with a maximal effect at 5 mM, therefore suggesting a cru-
cial role for calcium in the regulation of chondrocytic response to
TGF- β1. Inhibition L-type channels decreased the TGF-β1 effect
(from 45% to 60%) depending on eCa2+ level, whereas blocking
of P- and Q-type channels reduced Ank and PC-1 expression
by 50% only at excessive eCa2+ concentrations. This suggests a
major role for L-type channels in the control of TGF-β1 effect. On
the other hand, inhibition of SERCA strongly reduced (80%) the
inducing effect of TGF-β1 on Ank and PC-1 whatever the eCa2+
concentration, whereas PTX remained ineffective. These data sug-
gest a complementary role for the two main pools of Ca2+, with
intracellular levels being controlled by an IP3-independent mech-
anism. Complementary experiments showed that the effect of
TGF-β1 was increased (2-fold) by Ionomycin while being reduced
almost completely by BAPTA-AM thus conﬁrming the pivotal role
of iCa2+. Finally, when we inhibited sp1 with either WP631 or
siRNA, the inducing effect of TGF-β1 on Ank and PC-1 expression
was strongly weakened (95%) at physiological eCa2+ concentra-
tion, while being only reduced by 65% at 5 mM of eCa2+. This
suggested the essential role of sp1 in the regulating role of Ca2+
on TGF-β1 effect.
Conclusions: Our results demonstrate that both extra- and in-
tracellular calcium pools, whose effects strongly depend on sp1,
are essential for the TGF-β1-induced ePPi generation by Ank and
PC-1. Our results underline the need to consider hypercalcaemia
in the occurrence of chondrocalcinosis, especially in old patients,
which have an increased sensitivity to TGF-β1.
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NUCLEAR AND SUMOYLATED S100A4 REGULATES IL-1β
MEDIATED PRODUCTION OF MMP-13 IN HUMAN
CHONDROCYTES
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Purpose: S100A4, a member of S100 family of proteins has been
previously shown to be upregulated in OA chondrocytes. Amino
acid sequence analysis of S100A4 showed that the molecule
contains a nuclear localization sequence. The aim of this study
was to examine the mechanism of S100A4 nuclear translocation
and its function in chondrocytes.
Methods: Human articular chondrocytes isolated from normal
ankle obtained from tissue donors were cultured in high den-
sity monolayers. Conﬂuent monolayers were changed to serum
free media 16-18hr prior to treatment with 10ng/ml of IL-1β. Af-
ter treatment cytosolic and nuclear fractions were prepared. In
some experiments, chondrocytes were transfected with mutant
constructs of S100A4 that lack SUMOylation sites or dominant
negative UBC9 plasmid construct (Ubiquitin-like protein SUMO-1
conjugating enzyme). ChIP analysis was performed to examine the
binding of S100A4 to the MMP-13 promoter region. Translocation
of S100A4 into the nucleus was determined by immunoblotting and
production of MMP-13 in the conditioned media was measured by
enzyme-linked immunosorbent assay.
Results: Treatment of human chondrocytes with IL-1β resulted
in increased production of MMP-13 and nuclear translocation of
S100A4 that required SUMOylation. Inhibition of SUMOylation of
S100A4, either by abolishing the SUMOylation sites on S100A4 or
by inhibiting the activity of UBC9 enzyme, decreased the nuclear
translocation of S100A4 (Fig. 1A) and IL-1β mediated production
of MMP-13 (Fig. 1B). ChIP analysis showed that nuclear S100A4
binds to the promoter region of MMP-13.
Conclusions: Our study demonstrates that IL-1β promotes nu-
clear translocation of S100A4 in chondrocytes, which requires
SUMOylation. Once in the nucleus, S100A4 binds to promoter
